16 Dogs are often commensal with human settlements. In areas where settlements are adjacent to 17 wildlife habitat, the management of dogs can affect risk of spillover of disease to wildlife. 18 We assess dog husbandry practices, and measure the prevalence of Canine Distemper Virus 19 (CDV) in dogs, in 10 villages in Nepal's Annapurna Conservation Area (ACA), an important 20 region for Himalayan wildlife. A high proportion (58%) of owned dogs were allowed by 21 their owners to roam freely, and many village dogs originated from urban areas outside the 22 region. CDV antibodies, indicating past exposure, were detected in 70% of dogs, and 13% 23 were positive for P-gene, suggesting current circulation of CDV. This is the first detection of 2 24 canine distemper virus in a National Park in Nepal Himalaya. Dogs were generally in good 25 condition, and none exhibited clinical signs of CDV infection, which suggests that infections 26 were asymptomatic. CDV exposure varied with village location and age of dogs, but this 27 variation was minor, consistent with high rates of movement of dogs across the region 28 maintaining high seroprevalence. Residents reported the occurrence of several species of wild 29 carnivores in or close to villages. These results suggest a high potential for transmission of 30 CDV from village dogs to wild carnivores in ACA. We suggest that control of dog 31 immigration, along with vaccination and neutering of dogs could mitigate the risk of CDV 32 spillover into wild carnivore populations.
7 146 behaviour; sterilisation status; vaccination history; age; sex; and source/origin. As a measure 147 of care afforded to dogs, owners were asked if their dog had visited a veterinarian or been 148 dewormed within the past 12 months. 149 150 Interviewees asked to report livestock that had been killed by wildlife in the past 12 months, 151 and to identify, by pointing to photographs (S1 File) supplied with the questionnaire, native 152 carnivores (yellow-throated marten Martes flavigula, snow leopard Panthera uncia, golden 153 jackal Canis aureus, Himalayan wolf Canis lupus filchneri, red fox Vulpes vulpes) they had 154 observed in proximity to their property and/or dogs. A random number generator was used to 155 vary the order in which the options were presented, and thus to remove effects of choice order 156 on aggregated responses. A random number generator was also used to pair the questionnaire 157 with the household. 158 159 Before administrating the questionnaire, it was pre-tested with members of the Manang 160 community that resided outside the study area. The purposes of the pre-test were to (i) develop 161 consistency in the duration required to administer each questionnaire, and (ii) test the efficacy 162 of the questionnaire, which was designed in English and translated into Nepali. The 282 Of the dogs surveyed, 74.7% were older than 12 months of age, and the male:female sex ratio was 2.9:1 or 74.7% male. Sterilisation rates were 45.3% for males and 50.0% for females (S1 
358
Snow leopards were reported to be responsible for the deaths of the greatest number and 360 variety of livestock (chauri [a hybrid of yak and cattle], cow, goat, horse, yak) (Table 3) . This is consistent with findings from a study that investigated the diet and prey selection of snow 362 leopards in the same area (48). One dog owner had lost 35 goats to attacks from snow leopards, foxes, jackals and wolves. Another indicated that he had lost over 100 goats to 364 various predators. One rancher reported giving up ranching goats as he was unable to cope with the financial loss to predators. Respondents explained that the type of predator was 366 determined by assessing bite marks and scratch marks on prey. They described that snow leopards would bite the necks of prey while canids, like jackal and wolves, would attack the Table 3 . Variety and number of livestock that were reported killed by wild predators 372 and domestic dogs within a 12-month period. Numbers reflect reported livestock deaths associated with the corresponding predator. One rancher reported losing a total of 35 goats to 374 a four different predators, but was unable to separate the number of livestock deaths associated with each predator. His report has been excluded from the table below. Also 376 excluded from the table is the report by one rancher who lost more than 100 goats. The "Unknown" category describes reported livestock deaths associated with a predator attack of 378 indiscernible identity. The finding that most dogs were free-roaming was expected and was common to studies 396 conducted in similarly rural sites in developing countries (49-52). These free-roaming dogs were also observed moving in packs both within and between villages, and owners reported 398 that it was customary for their dogs to accompany them on journeys either on foot or by vehicle to adjacent villages for work or social visits. Owners reported sourcing their dogs 400 from locations as far away as Kathmandu (Fig 3) . Manang village had the largest proportion of dogs that were sourced from outside of the study area. A majority of the dogs in Pisang 402 were sourced from within the village, with some dogs from Kathmandu. Despite the relatively small population of dogs in Bhraka, the village was a source of dogs in Pisang and 404 Ngarwal. Similarly, Ngarwal was a source of dogs for villagers in Manang, Bhraka, and villages external to the study area. This human-assisted movement of dogs between urban and 406 rural locations, and the local movement of dogs due to the unrestrained culture of dog keeping, results in a high degree of mixing. The high movement of dogs suggests that the 408 dogs in the study area are effectively a single population. This would further explain why household-and village-level factors had no effect on abundance: local availability of food 410 resources would not limit dogs able to roam freely to access resources from adjacent villages.
Predator
That over a quarter of dogs in the study population originated from locations outside the 412 study area (i.e. Chame, Tanchok, Timang, Sapche, Nar, Ghorka and Kathmandu) is important information for design of management interventions to limit the size of this dog population or 414 manage health of dogs and disease risks to wildlife.
416 The age and sex of dogs was strongly skewed toward adults and males, respectively. The male-biased sex proportion was higher than the mean (62.6 ± 11.5) described by a meta-developing countries (6), and was consistent with other studies of rural dog populations 420 (42, (53) (54) (55) (56) . The adult-skewed age ratio was also consistent with findings from the metaanalysis by Gompper (6) .
422
The high proportion of dogs in ideal body condition recorded in this study was contrary to 424 expectations for dogs in a developing country (57) . Sterilisation rates were also unusually high for a rural area and was well above the mean (11.6%) and median (6.2%) rates described 426 by Gompper (6) for dogs generally, in which all rates above 10% were from studies in developed nations. The high rates of sterilisation might also underscore the value of 428 collaborative efforts between local governments and non-profit organisations (i.e. Himalayan Mutt Project, Himalayan Animal Rescue Trust, etc.) to create access to sterilisation services.
430
Seroprevalence of CDV among unvaccinated and asymptomatic owned dogs was above the 432 levels reported in comparable studies (58) (59) (60) (61) (62) . Few predictors of CDV were found, and the high degree of movement and mixing of domestic dogs could explain this. Manang village 434 had the largest proportion of dogs that were CDV positive and sourced from outside the village. A similar study by Belsare and Gompper (10) reported that the rate of CDV incidence 436 was positively influenced by the random introduction of an exposed dog. The high level of mixing could explain why we see little influence of household-or village-level variables on 438 the exposure of individual dogs to CDV. The highly contagious nature of CDV, and extensive movement of dogs within the study area could suggest that the transmission rate of CDV was 440 high in study region. Future studies to investigate social-network and dog-wildlife interactions using spatial technology and remote camera trapping could help elucidate the 442 mechanisms by which CDV becomes prevalent among domestic dogs. Such a study could 20 also give insight to the role of human-assisted dog movement in facilitating pathogen 444 transmission.
446 No dogs presented clinical signs of CDV. The healthy body condition of most dogs could have enabled them to resist the effects of disease (63) . However, while CDV is known to 448 replicate rapidly in dogs with weakened immune systems (64), potential stress caused by a stochastic event such as a natural disaster affecting communities in the region could cause 450 CDV recrudescence (65) in the dog population, with ramifications on sympatric wildlife. 452 Residents reported observing direct interactions between dogs and wild carnivores, suggesting potential for pathogen transmission between dogs and susceptible wild carnivores. Given the 454 high prevalence of CDV in dogs, it is conceivable that spillover might already have occurred.
In the Annapurna Conservation Area, where wildlife conservation is an objective, the 456 management of domestic dogs should be considered when developing and implementing wildlife conservation plans. There is also the risk of hybridisation between dogs and wild 458 canids (66, 67) . To address this, measures to promote vaccination and limit number of dogs per household and their roaming behaviour could be implemented. It would also be valuable for 460 further research to investigate CDV exposure in sympatric wild carnivores.
Conclusion
There is high CDV prevalence among dogs in Nepal's Annapurna Conservation Area, and 464 spillover of disease from dogs to native wild carnivores is a potential threat to susceptible species. An outbreak among wild carnivores in the area, which includes endangered species, objectives. A mass vaccination of domestic dogs could avoid the impact of an outbreak to the 468 local economy, safeguard the wellbeing of dog owners, and buttress conservation objectives.
The high susceptibility of dogs below the age of one year suggests that population control to 470 reduce the number of susceptible individuals could be a cost-effective and a long-term strategy.
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